Introduction
============

Thyroid nodule is a common disease, and the presence of thyroid nodulewas about 4-7% in population[@B1], [@B2]. With the advancement of CT, MRI, high-resolution ultrasound, isotope scanning and other medical imaging technologies, many hidden thyroid nodules can now be found [@B3], [@B4]. The risk of thyroid nodules, which had more prevalence in women, was increased by age, and it was related to abnormal intake of iodine and exposure to ionizing radiation [@B5], [@B6]. Biopsy had showed that benign thyroid nodule had the potential of canceration, and there was no significant difference between the risk of becoming thyroid cancer (about 4%\~6.5%) and volume of nodules [@B6]. Recent studies have found that even thyroid solid nodules which were diagnosed by fine-needle aspiration as benign lesions still had 6% possibility of being malignant lesions diagnosed by surgical pathology [@B7]. Therefore, active treatments should be conducted for suspected malignant thyroid nodules diagnosed by clinical and imaging examinations [@B8]. Treatment are also needed for some benign nodules due to compression symptoms caused by large volumes, local uplift affecting appearance, or possibility of malignancy [@B9]. Traditional treatments include surgery or medication. Surgical treatment was not accepted by some patients due to severe injury, relative high incidence of complications (such as a certain proportion of recurrent laryngeal nerve injury), permanent scar in the neck, reduced thyroid function by resecting normal thyroid tissue at same time, and long-term drug treatment for some patients. Thyroid hormone replacement therapy, in some degree, can treat hypothyroidism due to excessive resection of thyroid tissue.However, the efficacy of drug treatment is also controversial, andsome literature repored that levothyroxine had no obvious effects ininhibiting nodules[@B10]. Radiofrequency ablation (RFA), as a new minimally invasive treatment techonology developed in recent years, had been applied frequently in the treating abdominal cancer[@B11], [@B12]. With the maturation of this technology, RFA has been successfully applied in treating benign thyroid nodules or recurrent thyroid cancer in foreign countries[@B13], [@B14]. Because RFA has the advantages of minimally invasive, effective, safe, economic and good appearance, the Task Force Committee of the Korean Society of Thyroid Radiology recommended optimal use of RFA for thyroid nodules in the year 2012[@B15].Due to late start, there were relatively less related reports of RFA treating thyroid nodules in China[@B16]. The purpose of this study is to analyze the safety and efficacy of RFA for treating benign thyroid nodules, which can served as a reference for future clinical practice.

Materials and Methods
=====================

1. Case Material {#Section1}
----------------

### Patient Material

From November 2014 to July 2015, one-hundred-and-eight patients received ultrasound-guided percutaneous RFA for treating thyroid nodules in Department of Interventional Oncology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University. Patients\' ages: youngest: 22 years old; oldest: 84 years old; average age: 52 ±14 years old. The RFA treatment was approved by the ethics committee of the hospital. Consents for accepting RFA and anesthesia, which provided detail explanations of the risks of anesthesia and surgical complications, were signed by patients before operations.

### Inclusion criteria

\(1\) Before treatment, the results of the patient\'sroutine blood testsand blood coagulation functions were normal, and thyroid function was normal or adjusted to normal range by endocrinology treatment;

\(2\) Patients with normal chest X-ray and electrocardiogram;

\(3\) Preoperative ultrasound suggested benign thyroid nodules (TI-RADS type 3 and type 4a), and pathological diagnosis was benign by ultrasound-guided fine-needle aspiration biopsy of thyroid;

\(4\) Patients voluntarily recevied RFA with strong will;

\(5\) There wereforeinbody sensation in neck,compression symptom due to relative large volume, local uplift affecting appearance, and worries of malignant lesions.

### Exclusion criteria

\(1\) Patients who were diagnosed with malignant thyroid tumor by preoperativefine-needle aspiration cytology;

\(2\) Females during pregnancy or lactation.

\(3\) Patients accompanied by severe systematic diseases, such as severe coagulation disorders, myocardial infarction, stroke, cancer, connective tissue diseases (scleroderma and systemic lupus erythematosus), systematic infection, and uncontrolled diabetes.

\(4\) Patients with serious physical, neurological and psychiatric diseases.

2. Preoperative preparation and ablation process of RFA {#Section2}
-------------------------------------------------------

### 2.1 All patients underwent high frequency ultrasound forthyroid assessment {#Section2.1}

The indicators were: morphology of thyroid nodules(regular/irregular), aspect ratio of nodules (\<1/≥1), nodular edge (clear / unclear), echo type (non hypoechoic/hypoechoic), posterior acoustic type (no attenuation /attenuation), echotexture (homogeneous/heterogeneous), internal blood flow (no/yes), microcalcifications (without /with), and neck lymph node metastases (without / with).

### 2.2 Equipment {#Section2.2}

Ultrasound adopted Twice US system (Esaote, Italy), L522 and L523 probe, 7-10MHz center frequency, with CEUS function. US contrast agent was SonoView (Sine Pharma, Italy). RFA treatment system was Medsphere RF Generator S-500 (Medsphere, Shanghai, China).

### 2.3 Operation of RFA {#Section2.3}

All the operations were carried out in standard surgical operating roomunder general anesthesia with tracheal intubation. After anesthesia, shoulder and neck pillow were put under patients\' shoulder and neck, respectively. Neck hyperextension positionwas adopted, and routine prep and draping were applied. Before RFA, methylprednisolone were given to patientprophylactically.The power was set to 10-15w, and impedance mode was used.The midline of the neck near the thyroid isthmus was the preferred needle puncture site, and ultrasound-guided radiofrequency electrode was pierced into bottom of tumor body through thyroid nodule.After startingRFA device, gasification phenomenon around electrodecould be seen until tumor was completely covered with strong echo.For relative large nodules,whensingle point ablation could not achieve effective ablation range, multi-plane puncture and multi-level ablation were applied by adjusting electrode direction and ablation plane until tumor was completely covered with strong echo in three-dimensional space.CEUS technologywas usedto for real-timeevaluation of ablation of thyroid nodules. If the internal of nodules still had some areas of enhancement, prompt complementary ablation could be applied to avoid residual nodules to the maximum degree. After ablation, contrast-enchanced ultrasound was performed to observe perfusion of contrast agents inside thethyroid nodules.

3. Postoperative review and follow-up {#Section3}
-------------------------------------

### 3.1 Time Settings {#Section3.1}

Follow-up one month and three months after ablation, and time was within±5 days.

### 3.2 Follow-up contents {#Section3.2}

3.2.1 After ablation, regular follow-up of patients\' general conditions was conducted, and occurrence of complications were recorded.

3.2.2 One month and three months after ablation, high-frequency ultrasound and ultrasound imaging were carried out to observe the volume of the ablation lesion in the thyroid, echo type (non hypoechoic/hypoechoic), internal blood flow (no/yes), and perfusion of contrast agent (no/yes). The evaluation of efficacy of ablation was based on whether thyroid nodule was completely abalated and volume change of ablation lesion. If contrast-enhanced ultrasound had showed no perfusion inside ablation lesions, it suggested complete ablation. If some area of ablation lesion had local perfusion, it suggested residue of ablation lesions. Then all patients were followed up by telephone every 3 months. And the follow-up ended in June 2016.

3.2.3 Volume measurement of thyroid nodules: measuring volume of nodules through two-dimensional ultrasound

V=πabc/6 (a: transverse diameter of nodule, b: vertical diameterof nodules, c: anteroposterior diameter of nodules).

3.2.4 Volume reduction ratio(VRR)could reflect reduction of ablation lesions after ablation of thyroid nodules.

VRR(%)=(Initial Volume(mL)- Final Volume(mL))/ Initial Volume(mL)\*100%

VRR1: reduction rate of ablation lesions one month after ablation

VRR2: reduction rate of ablation lesions three months after ablation

3.2.5 Complete ablation rate (CAR%)= Number of nodules achieved complete ablation (N)/ Total number of nodules (N) × 100%

4. Statistical analysis {#Section4}
-----------------------

SPSS 17 (version: 2008-8-23) running in windows 8 was adopted to make statistical analysis.Change of indicators, such as thyroid function, volume of nodules, and VRR before operations, at one month and three months after ablation,were compared. Quantitative data was displayed as x±s. P \<0.05 indicated that there was statistically significant difference in data.

Results
=======

There were 108 patients with a total of 380 nodules included in this study. Of which, 13 males and 95 females with male to female ratio of 1:7.3. Average age was 52±14 years old. Twenty-six cases (24.07%) had single nodule, and 82 cases (75.93%) had multiple nodules.

1. Safety {#Section1_1}
---------

Ablation processes were successful without serious bleeding, skin burns or serious thyroid storm.

Before ablation, the minimum volume of nodules was 0.01mL, themaximum volume was 70.89mL, and the average volume was 1.02 ± 4.24 mL.The shortest ablation time and the longest ablation time were 2 seconds and 1200 seconds, respectively, and average ablation time was 52.4 ± 143.1 seconds. Ablation time of thyroid nodule was significantly related to nodule volume (P\<0.01) (see Figure [1](#F1){ref-type="fig"} for details).

All patients were discharged successfully on the first day after ablation without significant complaints of pain.

Postoperative thyroid function were within normal range without hypothyroidism.

2. Efficacy {#Section2_1}
-----------

The volume of nodules before ablation, at one month and three months after ablation were1.02 ± 4.24 mL,0.29 ± 0.72mL,and 0.15 ± 0.87mL, respectively. There was statistically significant difference (P\<0.05). Figure [3](#F3){ref-type="fig"} showed the volume change of nodule after RFA comparing to before ablations.

The volume reduction ratio (VRR) of thyroid nodulesat one month and three months postoperatively were 64.12%and 85.54%, respectively. There was statistically significant difference (P\<0.05) (See Table [1](#T1){ref-type="table"} for details).

Three hundred and seventy-six nodules out of the total three hundred and eighty nodules were completely ablated, and the remaining four nodules were partly ablated. The complete ablation rate was 98.95 %.

Because the four partly ablated nodules were adjacent to trachea and recurrent laryngeal nerve with relative large volume, explanations were given to patients preoperatively that only partial ablation would be conducted to reduce tumor so as to relive compression symptom. After ablation, the compression symptoms were relived, and patients were satisfied with the treatment results. The remaining nodules achieved complete ablation.

3. Complications {#Section3_1}
----------------

There were no bleeding, infection, nor skin injury occurred after ablation. A total of 12 (11.11%) minor complications were observed during follow-up, including mild sore throat in eleven cases (10.19%), and temporary vocal cord paralysis in one case (0.92%). All of the 12 patients fully recovered naturally within three months.

The eleven cases, which suffered mild sore throat, were relived within three days.

One case had temporary vocal cord paralysis displaying as hoarseness and coughing during drinking postoperatively. Coughing during drinking symptom disappeared two weeks after ablation while hoarseness disappeared two months after ablation.

Discussion
==========

For a long time, surgical resection has been the traditional treatment of benign thyroid nodules.Although the therapeutic efficacy of surgical resection is good as it can remove the tumor, it hashuge affectson thyroid function after surgery.Some scholars found that postoperative hypothyroidism after resection of thyroid side lobe might happen in 5-49% of patients, recurrent laryngeal nerve injury in 0.2-1.1% of patients, permanent hypocalcemia in 1% of patients[@B17]-[@B20]. Afterlong term follow-up of 1051 cases who had received hemithyroidectomy, Vaiman M et al. [@B21] found that 28% of the patients had to take thyroxine after surgery. Meanwhile, some patients refused surgery due to the permanent scar on the neck that were hard to eliminate. In recent years, endoscopic thyroid surgeries, such as neck-scar-free surgeries, are conducted in clinical practice [@B22]-[@B24], but its damage of the surrounding tissues cannot be ignored, as it may cause larger damage to its surroundings; in addition, this surgery method also depends on the location and nature of the thyroid nodules, and not all nodules are suitable for these kinds of treatments. Therefore, clinicians continue to explore new minimally invasive treatment methods to compensate for the deficiency of traditional treatment methods. In recent years, minimally invasive treatment for thyroid nodules has been made possible with the rapid development of ablation technologies. Ethanolablation and laser ablation have been applied for thyroid nodules and have achieved satisfactory results [@B25], [@B26]. Kim JH et al. [@B27] believed that ethanol injection was more suitable for treating cystic thyroid nodules. Meanwhile, some studies reported that the therapeutic efficacy of laser ablation for benign thyroid nodules were more precise [@B28], [@B29].

Because RFA has the advtanges of minimal invasivion, simple operation,controllability in ablation range, stability and reliabilty[@B13], [@B30], it has been widely used in minimally invasive treatment of malignant liver cancer[@B31], [@B32]. RFA is a new way for treating thyroid nodules. Many studies suggested that RFA for treating benign thyroid nodules and recurrent thyroid cancer is safe and reliable with significant efficacy [@B13]-[@B15].

RFA for treating benign thyroid nodules had significant efficacy, and both its volume reduction ratio (VRR) and complete ablation rate (CAR) are high, thus it can meet the demands of patients. Studies[@B33]-[@B35] had showed that volume reduction rate of benign thyroid nodules after complete ablationcould be more than 50%, and long-term follow-ups found thatvolume reduction rate of some benign thyroid nodulescould even reach 75-97%. Our center\'s study data showed that, volume reduction rate of thyroid nodules could reach 85.54% at three months after RFA,which was consistent with foreign studies. In terms of complete ablation rate, CEUS followed-ups showed that 376 nodules were completely ablated, and CAR is 98.95 %. Because the four partly ablated nodules were adjacent to trachea and recurrent laryngeal nerve with relative large volume, explanations were given to patients before treatment that only partial ablations were conducted to reduce the size of the tumors in order to relive compression symptom. After ablation, the compression symptom was relived, and patients were satisfied with the treatment results. And a secondary ablation could be performed according to the absorption of the ablation location and the growth of the residual nodules. Among them, two patients received the second treatment of RFA about 6 months after ablation, because of the completely absorption of the ablation foci and the growth trend of the residual foci. However, there was no significant change of the residual foci in the other two cases. And they had not received the second ablation.

For safety concerns of the treatment, our medical center had applied RFA under general anesthesia and endotracheal intubation. Some studies reported that [@B36], RFA of benign thyroid nodules could be safely performed under local anesthesia. A retrospective analysis of the data from our center found that during the RFA, one case had rapid expansion of the thyroid gland and duct, in which the volume of the thyroid glanddouble expanded. Due to the administration of intravenous bolus of methylprednisolone before ablation,volume of thyroid gradually returned to preoperative level withdisappearance of duct expansion after one hour.After analysis, it might be related to heat generated by electrode nodule during RFA of the thyroid, which could make the inner tissue of nodule generate coagulation necrosis-\"hot ball\". The heat would stimulate surrounding tissue causing transient rapid secretion of surrouding gland tissue, thus the shape of thyroid gland rapidly expanded, leading to "quasi-thyroid storm". Hormone is the best treatment option, and intubation helped to avoid feeling of suffocation caused by enlarged thyroid compressing trachea in this case.In addition,general anesthesia help tocompletely avoid side effects of local anesthesia, such as patients\' discomfort, pain, vagovagal reflex, andcough[@B36], thus improving patients\' medical experience.

RFA is safe and controllable. Different from majority of scholars using temperature mode, ourcenter adopted power control mode with low-power, short-time, multi-point, multi-planar ablation, making ablation range more accurate and controllable. There were no severe complications, such as serious recurrent laryngeal nerve injury, tracheal injury, bleeding, hematoma, skin lesions nor burns in our group. Only one case had temporary vocal cord paralysis displaying as hoarseness and coughing during drinking postoperatively. Coughing during drinking symptom disappeared two weeks after ablation while hoarseness disappeared two months after ablation,which was similar to reports of some studies. Some scholars reported that some complications occurred after RFA of thyroid nodule were reversible, and patients could get recovery in long-term follow-ups [@B34], [@B37]-[@B39]. This was consistent with our center\'s conclusion.

RFA adopted19G radiofrequency electrode, which only left needle holes that were smaller than transfusion needle in patient\'s neck. It is not only innovative comparing to traditional surgery, but also improved by meeting patient\'s esthetic demands completely.

Conclusions
===========

Ultrasound-guided percutaneous RFA for treating benign thyroid nodules have the advantages of definite efficacy, significant volume reduction of ablation lesion, high absorption rate, less damage to surrounding normal tissue, and low complication rate (most complications are reversible). There is no surgical incision, and it can meet patient\'s esthetic demands to the maximum degree, thus RFA is suitable to use as the first-choice treatment for benign thyroid nodules, and it can replace surgery treatment of benign thyroid nodules in some degree.

Xiaoyin Tang collected the data of the patients, designed the pipeline of the analysis and drafted the manuscript. Bo Zhai and Ping Li conceived and coordinated the overall study and revised the manuscript. All authors read and approved the final manuscript.
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:   volume reduction ratio
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:   complete ablation rate.

![Scatter plot of correlation analysis between volume of thyroid nodules and ablation time.](jcav08p0754g001){#F1}

![Images of radio frequency ablation (RFA). A. RFA needle was puncturing into the nodules. B. After turning on the RFA machine, gasification could be seen around the electrode.](jcav08p0754g002){#F2}

![Changes of the nodule volume before and after RFA treatment, and real-time evaluation was carried out with contrast-enhanced ultrasound. A: before ablation. B: right after ablation. C: one month postoperatively. D. three months postoperatively: ablated lesion was completed absorbed.](jcav08p0754g003){#F3}

###### 

Change of average volume of nodules and VRR.

                                       Before ablation   One month after ablation   Three month after ablation   P
  ------------------------------------ ----------------- -------------------------- ---------------------------- --------
  **Average volume of nod**ules (mL)   1.02± 4.24        0.29± 0.72                 0.15 ± 0.87                  \<0.05
  **VRR**                                                64.12%                     85.54%                       \<0.05

Volume of nodules (mL) showed as x±s

VRR: the volume reduction ratio
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